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The 81 cm Saclay hydrogen bubble chamber was exposed at the CERN

proton synchrotron to a separated K+ beam(l)

2,965 ¥ .015 GeV/c (Ecm = 2,60 GeV), In the study of the three-body

with a momentum of

final state:
+
Kp-= Kon+p (1)
for which the cross section is 2,1 t 0,2 mb, we find that the two

dominant reactions are
+ + +
K'py &, 7 5x%  (2)

and

+ *++ *++
K'p 5N K, N o, (3)

The cross sections for reactions (2) and (3) are each 0.8 t 0.1 mb,

We report here the main results of the analysis of reaction (2). This
analysis shows that the angular distributions are consistent with the
assumption that the predominant production mechanism is the exchange

of a vector meson, The detailed analysis of reaction (1) together with

(2)

the study of reaction (3) will be reported elsewhere .

A fotal of 1901 events that were inside a fidwcial Vblume and
that had two positive outgoing tracks as well as an associated decay of
a neutral particle were analysed using the computer programs THRESH,
GRIND, BAKE, SLICE, and SUMX., All events were examined to see if the
ionisation of the tracks was consistent with the kinematic fits, About
99 o/0 of the events were assigned an unambiguous interpretation
by means of the above procedure combined, when necessary, with rémeagure—

ments or use of the MILLSTONE program.
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In this sample there are 747 events which fit the hypothesis
Yopn+. Flgure 1 1s DulltZ plot for these events, One can see that
both the N (1238) and the (890) are prdduced copiously. By mesﬁS'of-
llkellhood dnuly51s of thc Dalitz' plot popul“tlon We finde that 38 '.3,0/0
of the events are K Dy 38 -3 o/o are N Kp und 24 -3 o/O”are won- 4 .
resonant events, We find the mass and width of the KX+ to be MKX = 891 : 2 MeV
andI#}Kx = 47 : 4 VeV,
For the analysis of the ﬁz events the 183 events which are in the
X* band (0.86 G “KO + { 0.9 GeV) but not in the N band
(1.15 GOV\< M L33 GeV) were chosen, Thisvsample conféinsﬂ60 o/gyof

the KT events and has an estimated contamlnatlon of 15 non-K eventé;

It seems appropriate to interpret these reactions, under the assumptlon
that the production mechanism is one-meson exchange, This approach is
suggested by the fact that the K*‘is‘pro&uded predominantly in the
forward direction relative to the incident K+ in the cm system, as can
be seen in Figure 2. The exchange process diagram is illustrated in

Figure 3,

It is convenient to analyse reaction (2) 1n the re st frame of the

K , choosing for the z-axis the direction of thc 1n01dent K in this

fra ame , and for the y-axis the normal to the plane of production, If
there is plon exchunge, then, since the particles incident to the K#‘
vertex are splnless, the orbital angular momentum (Q,) at this vertex -
is one, the spin of the'K%. Since the component of the orbital angular
momentum in the difection of the incident K (the z—aX1s) must be zero,
the angular momentum of the K is described by:the spherloal harmonlc Yl’
and the angular: distribption of the K relative to the K 1s proportlonal
to cos 9 If there is vector meson exchange (p, w or“f ), conservutlon
of angular momentum and parity again allow only X =1, Thls orbltal |
angular momentum can couple with the vector meson spin functlons Sl and
Sll but cannot couple with SO to produce a tut6 of spln one. hls glves
rise to two ‘terms- in the KjE matrlx elenent, one prOportlonal to Yl ‘and B

the. other+proportional to Y These terms produce an angular distribution

proportional to 31n29.
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In general the angulwr distribution of the K from the decqy of the

KK can be expresoed in the form<3>b -
i 2. 1 .2
pO’ o cos e +'2»(1'- p0,0) sin 6
W (e, ) dcose a-p =’ 2 : - dcose
! ‘ 4m -p sin29 cos2 ¥ - "2 Re sinZ2@cos W avy
: 1,-1 J o TP 07"
from which one obtains: |
5
WKi(Q) dcos& = 4 L po O (Bpo’o - 1) cos %j dcosO (4&)
Wwox(Y) adf =l~@—2p + 4p smAﬂ df' (4v)
K 27 1,-1 1,-1 ~

where © and Y are the polar and azimuthel angles and the p valués are

elements in the spin space’densit§ matrix of the K*.

In the one-meson exchange model the parameter po 0 can be interpreted
as the fractlon of the events which procecd by way of plon exch nge. In
the case of pion exchange the dlstrlbutlon in the angle Y is isotropic,
whereas it is generally nonisotropic in the case of Vector ‘meson exchange,

(4)

for the exchange of a spinless meson., A non—zero value of P11 places an
- ) g [

Indeed, ¥ is exactly the angle used in the Wsll—known Treiman~Yang test

umwrlhﬁtwmnpooz
‘ . .

Po,0 S T 2Py | (5)

a relation which can be derived by imposing the condition that the
distribution function in equation (4) must not be negative., The quantity

Repl 0 must be zero in the one-meson exchange model, described above,
’ < :

In Fig. 4 the 6 and ¢ anguler distributions are presented. The para-
neters 0.0 and Py 1 were evaluated by a maximum likelihood ahalysis of the
9 [
data based on equations (4a) and (4b)., The parameter Repl o Was calculated
’

by ﬁeans of the equationy
X L2 s . | o
Repl’o = -3 <§1n2@ cos-€> (6)
(5)

The values of P0.0" P1.-1 and Repl o7 o8 well as the final corrected values
’ ’ H

are presented in Table I,
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The o+r1K1ng feature of the K events is tha (the fraction of

¥ P00
events whlch proceed by way of pion exchange) is very small: only 7 - 6 o/o

of the ewents can be attributed to one pion exchange. The data are consistent
with tho}hypothesis that .21l of the Kx events proceed via the exchange of

a vootorjmosonﬂ ?o our knowledge this is the most clear—cut example of a
reéctionfwhicﬁ.afpéﬁrs to be peripheral in nature, but for which the lightest
POSSlblL known particle is not the particle exchanged. This behaviour of

the K p @VoﬂtS is in sharp contrast with that of the K+1:3<—-9Ky&1\1§E events
observed in the K P n. final state and wiich seem,to be dominated by pion
exchange(8>(9). Vector meson exchange has also been observed at lower
energies aithough not so strongly. At 1196gGeV/c some vector meson exchange

(7)

, 4 o
vector to pseudoscalar meson exchange is 1.51 ~ 0,26. Thus the evidence

can be detected and for 1.45 GeV/c K+ it was reported that the ratio of

is that vector meson exchange becomes more dominant as the energy increases.

In connection withﬁ%he identification of the exohanged particle (or
system),-two qualifying points need to be considered, In the firsf-piace,
Gottfried .and Jackson 3 have pointed out that_thcse data do nof necesswrily'
indicate that a 1 meson is exchanged. They only 1nd1cate that thc porlty
of the exchanged system is ( l)J (J % O 1s the spin of the exohanged
system). In thc second place, although we have ev1aoncG for the deter
mination of the quantum numbers of the exchanged system, the detormlnatlon
of its mass is much more of an open question, The distribution in the
momentum transfer is peaked at much smaller.values than wouid be expected
from an unmodificd one-meson exchange model calculation, unlcss a mass of
about 250 MeV is uoed for the exchaﬁged meson, Even then the fit to the
forward beak is poofn Al%ernatively?'if the mass of the'p meson is used,
one can obtain a good fit to the data (see Fig. 2) by using a form factor
of the type é_A /t with t equal to about 0.6 GeV/c. The need for a form
factor to obtain agreement with the data is by no means a boculiarifj of this
reaction or of vector meson exchange, For example, such a form factor is also

(8)(9)

needed in the K+b —9 KN reaction’ .
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TABLE T
Parancter Range . ~Uncorrected Corrected(5>
value value
0 0,1 0.11 ¥ 0%05 0.07 ¥ 0.06
0,0 :
2 -1/2, 1/2 | 0.3 L o.04 0.32 £ 0.06
-1 1 + +

‘9
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The K}E sample that has been used may be biased because about 12 o/o

of th§ K* events (which are in the region of the Dalitz plot where the

KX and the N* bands cross) have been taken away from the total KX

sample. The corrected values of the parameters are based on an analysis
of a reduccd sample that is free of this bias., This reduced sample
includes only those KEE events which are in the right half of the

Dalitz plot, More specifically it includes those events for which

the K° fron the K% decay goes backwards in the K% rest frame relative

to the direction of the KX in the overall cm, The events in this reduced
sample should also obey equation @) when the data are folded in such a
way that one plots against |cos8| rather than cosé and agasinst ¥ modn
rather than Y , The values obtained for the p parameters from this
reduced sample are in agrecment with those obtained from the larger
sample. A further correction made to the p parameters allows for
background effects, The values of the parameters that were calculated
from a non~resonant sample of events were used to correct the parameters
from the K* sample under the assumption that the population of the
non-resonant events, as well as the © and ¥ angular distributions for
then are independent of the position in the Dalitz plot. This correction
was largest for p0,0 though even in this case the correction was less
than the statistical error, Many checks were made to see if there are
any biases in the data which night affect the values of the parameters,
especially in view of 'the fact that

o
0,0
prelininary value reported(s). We find no reason to believe that this

has changed sdmewhat from the
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FIGURE CAPTIONS

Fig. 1

Pig, 2 =~

Figo 3 -

' +
4 Dalitz plot for the K'p—» K pn events

AL Feynman diagrem illustrating the exchange mechanism which
. + _E .
may. characterise the K p - K p reaction

Histogram of the em angular distributions for the K5E from the

reaction K+p-«7K*p, K%-%?Kon+? In addition to the stutlstlcal

.errors there is a systecmatic uncert 1nty of nbout lO o/o When

 the values are interpreted as differontlul cross sectlon

G 4+ G \2 ‘ G G 2"
E______z_ _A_( [ ] 2 .2 T _ A"
2 MK—MK* +A J 'VJK+MK*) +A"] + 28q 91 sin e 4n + T )

Figo 4 -

measurenents, The curve is given by the vector meson exchange

formula

| L2
1
do _ (ne)® _q__<_f_2_) 1 1 ‘Fv(Az)‘ .
a@ = 3 g ‘4x 2
N x (Mp+A) .
2 2

T _ A

[

e
P

\\wﬁvﬁﬂwx

+
where q and q' are cm momenta of the incident K and the out-

going K*, and s is the square of the total cm energy. 50
The form factor was chosen to have the forn FV(A2) = e-A /t .

The curve plotted represents G = 0 (appropriate for w exchange),

T
62 £°
TV =12, and t = 0,70 GeV/e
47 47
4in almost identical fit is obtained with G, = 3.7 G ; (appropriste for
p exchange )
2 2
fl f_ = 10, and t = 0.56 GeV/c
4n  4n

Histograms of the distribution in cos@ and kf for the decay of
the K+p events, The curves represcnt the best fit to the data,
nanely 1 - 0,76 Cosge and 1 + 4,3 sin2‘f.
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